The vulnerability level of Niger Delta inhabitants to environmental pollution due to oil spillage is world acclaimed but the extent of heavy metals in the ecosystem is yet to be ascertained. This study therefore investigated the concentration of Cadmium, Chromium, Nickel, Lead, Copper, Zinc and Manganese in the tissues of selected non-vertebrate wildlife species (Crab, Water snail, Periwinkle and Oyster) and assessed the sensitivity of these selected faunas as bio-indicators. Three polluted Local Government Areas and one non-polluted (Patani) in coastal areas of Delta State were selected for the study. Three communities inhabiting the chosen non vertebrate wildlife species were selected from each local government for sample collection. Samples of these fauna species collected from the 12 selected communities were subjected to laboratory analysis using standard method prescribed by the Association of Organic and Analytical Chemists (AOAC). Data collected were analyzed using T-test, Analysis of variance (ANOVA) and Pearson correlation coefficient. Results showed that the essential heavy metals (Iron, Manganese, Zinc, Copper and Nickel) had higher concentration than non essential heavy metals (Lead, Cadmium and Chromium). Heavy metal concentrations in these species ranged from 0.020 to 0. 40mg/kg for Cadmium; 0.038 to 0.087mg/kg for Chromium; 1.213 to 2.403mg/kg for Copper; 60.293 -145.39mg/kg for Iron; and 0.057 to 0.813 for Lead. The highest concentration of Fe was found in Oyster in Bomadi Local Government Area. Heavy metal concentrations varied significantly by the sampling sites and species. The concentration of Iron, Copper, Lead and Nickel in the tissue of some fauna were significantly different (p< 0.05) between the Oil spilled environment and the control, and were above World Health Organisation safety limit. The study revealed that the oil spilled environment was actually polluted with heavy metals and that fauna species like Crab, Periwinkle and Oyster have the potential to be used as bio -indicators in assessing the concentration of heavy metals. Crab was the most sensitive bio -indicator among the four species.
INTRODUCTION
Oil spillage has been implicated as the major cause of environmental pollution in oil producing areas in Nigeria, and spill incidents have occurred in various parts along the Nigerian coasts at such a frequent rate that it has been considered a common event in the country (Nwilo and Badejo, 2005; UNDP, 2006; DPR, 2012) . Oil spill in ecosystems could threaten biodiversity and sometimes aggravate to castration and local extinction of species. Crude oil through spills often spread out over a wide area destroying crops and aquaculture through contamination of ground water soils, thus making the environment uninhabitable for living things (Ariana, 2010) . The pollutants from crude oil tend to spread faster and wider when in aquatic environment as most moving water bodies are connected. This leads to more destructions and spread of impacts. Some of these impacts are easily observed while others manifest with time. Inhabitants of polluted environments continuously utilize contaminated edible environmental resources either unknowingly or because of unavailability of costless alternative.
The Environmental Assessment of Ogoniland, an age -old oil producing area in Niger Delta region of Nigeria revealed significant negative environmental impacts and health risks from oil pollution. The severity of the impact led to emergency recommendation of daily supply of potable water to the most affected communities in Ogoni (UNEP, 2011) . This shows that most parts of oil producing communities in Rivers State and other Niger Delta including Delta State could be quite polluted. Acute exposure to spills can potentially affect coastal residents, clean-up crews, regulatory and emergency officials and members of scientific teams investigating the spills thus causing various diseases such as vomiting, abdominal pains, skin irrigation and some cancers (Martin et al. (1998) .
According to Osuji et al. (2004) , hydrocarbons and heavy metals from crude oil apart from negatively affecting flora and fauna, biologically accumulate in plant cells and animal tissues. The awareness and concern about the protection of the public from avoidable contamination and exposure to heavy metals (especially of Lead, Cadmium, Nickel and Chromium) from oil spillage and their attendant adverse effects on health have led to increase in strategies and methodologies for detecting their presence in the environment.
One of such methods is by using non vertebrate wildlife species as bio indicators (Ijeomah et al., 2013) .These organisms detect both the levels of pollutants in an ecosystem as well as their long-term effects (Philips arid Rainbow, 1993 , Horsfall et al., 1998 because of their ecological role as intermediate consumers in pelagic as well as benthic food chain of aquatic ecosystem (Valavanidis et al., 2006) . These biological qualities make these species suitable for monitoring localized bioaccumulation of heavy metals in aquatic habitat. The effectiveness of bio monitors for aquatic pollution assessment as revealed by many studies (Usero et al., 1961; Egonwan, 1980; Okoye, 1991; Dambo and Ekweozo, 2000; Farkas et al., 2003; Ijeomah et al., 2013) is based on the ability of the organisms to accumulate contaminants such as, heavy metals and polycyclic aromatic hydrocarbons (PAHs) in their tissues. Presence of heavy metals in edible tissues of organisms (depending on the type and concentration) could pose series of health hazards to consumers especially in the Niger Delta region of Nigeria, where gastropods and bivalves are abundant and therefore serve as cheap sources of protein for indigenous people who could not afford meat from domestic species and bush meat from species that are not on CITES endangered list (Egonwan, 1980; Dambo, 1992) . Studies on some gastropods and bialves such as Crasoslerea spp., Pachymelania spp., Lilorina spp., Pigilina spp. from parts of the Niger Delta have revealed heavy burdens of trace metals (Kakulu et al., 1987, Dambo and Ekweozor, 2000; Obasohan and Oronsaye, 2000) . This makes it necessary to periodically assess the presence of pollutants in edible wildlife species (that are not on CITES endangered list) in different oil producing areas of Niger Delta especially where spills have occurred. Since the sensitivity of non vertebrate wildlife species in detecting the presence of heavy metals in the environment differs, a comparative study of the sensitivity of these species in monitoring the environments where they are found is therefore imperative.
Most studies on oil spillage have concentrated on occurrence and distribution of pollutants in aquatic environment. But the long term damages to various species' habitat after survival of affected individuals is one of the most serious environmental effects of oil spills that should be critically investigated if sustainability of ecosystems and livelihoods will be achieved. This study, apart from aiming to determine the impact of pollution, also gave insights on prediction of the severity of environmental damages caused by heavy metals to wildlife species, and the consequential health implications on households (from these polluted communities) who regularly consume and rely on non vertebrate wildlife species for survival in the study area.
Objectives of study
The objectives are to:
1.
Determine the presence and level of concentration of heavy metals in the tissues of selected non-vertebrate wildlife species in the study area.
2.
Compare the concentration of heavy metals found in the tissues of selected nonvertebrate wildlife species. Areas based on the availability of these specimens. In all, nine communities were sampled. Specimens were also collected from three communities in Patani Local Government Area which is also an oil producing but non polluted coastal community to serve as the control.
METHODOLOGY

Data Collection Procedure:
Live specimens of Crab, Oyster, Periwinkle and Water-Snail were caught from Bomadi, Burutu and Warri-South West (oil spilled area) and Patani (control) respectively. The various specimens were brought out from the separate containers, wrapped in foil paper, labeled properly and oven-dried. After drying, the specimens were ground to powdered form using rubber mortar and pestle.
The powder obtained from the dry specimens were put separately in small white plastic containers and labeled properly before they were taken to the central laboratory at the Aluminum and Steel Company of Nigeria (ALSCON) in Akwa Ibom State for analysis to determine heavy metals in the samples.
In the laboratory, the specimens were digested and analysed using standard methods as consistent with AOAC (2000).
METHOD OF ANALYSIS
Mean values of accumulated heavy metals in the three polluted sites obtained from laboratory analysis were compared using Analysis of Variance while Student T-test was used to compare the level of bioaccumulation of heavy metals between the oil spilled environment and the control. Correlation coefficient was used to investigate the pattern of accumulation of heavy metals.
RESULTS
Determination of Heavy Metals in Selected
Invertebrates: Results on determination of heavy metals in Crab, Water Snail, Periwinkle and Oyster are presented in tables 1, 2, 3, and 4 while Table 5 shows the status of heavy metals in the selected nonvertebrate fauna species in Patani Local Government Area in Delta State. Table 1 revealed that Crab (in the 3 locations) had the highest mean value of Iron (104.304mg/kg) and Zinc (21.741mg/kg) respectively. The mean values of heavy metals accumulated by Water snail (Table 2) , Periwinkle (Table 3) and Oyster (Table 4) also followed the same trend with that of Crab in the 3 locations. Iron has the highest mean value followed by Zinc, Manganese etc. Table  5 reveals that the values of heavy metals accumulated by Crab, Water Snail, Periwinkle and Oyster followed similar trend with the polluted sites, though with relatively lower values. (Table 7) . There was no significant difference (p>0.05) between the oil spilled site and the control for all the heavy metals accumulated by Water snail (Table 8) . Concentration of Copper accumulated by Periwinkle in oil spilled environment was significantly (p<0.05) different from that of the control (Table  9 ).There was significant difference between the level of Iron (Fe) accumulated by Oyster in the oil spilled environment and that of the control (Table 10 ). Analysis of pattern of heavy metals accumulation in the study area (Table 11) 
DISCUSSION
Concentration of Heavy Metals in Non Vertebrate Wildlife Species
The non-vertebrate fauna species have high affinity for Fe, Zn, Mn and Cu intake. This could be attributed to the role these heavy metals play as essential elements for the organisms. According to Gbaruko and Friday (2007) Fe, Mn, Zn and Cu are integral parts of important physiological compounds such as enzymes. The relevance of Fe, Mn, Cu and Zn is based on their role as metalloenzymes. These metals are cofactors of larger number of enzymes.
Fe, Mn, Zn, and Cu also function in replacement of cells, and activation of a low immune system. The concentration of Fe, Mn, Zn and Cu was generally higher than Ni, Pb, Cr and Cd in both polluted site and the control environment, which can be ascribed to the high affinity of the metals by the fauna species. Excessive intake of these metals could constitute health risks. Excess of Iron (Fe) and Manganese (Mn) causes pathological challenges such as the iron oxide deposition in Parkinson's diseases (Barlow et al., 2005) . Cu supplies have been associated with liver damage (Wong et al. 2001 ) and excess of Zinc may produce adverse nutrient interactions with Cu. Also, Zn reduces immune body function and the level of high density lipoproteins (Hooper et al., 1980) .The bio-concentration of these heavy metals in Periwinkle and Oyster was generally higher than that of Crab and Water snail. There are also variations between heavy metals accumulated by the species in polluted areas and non-polluted (control).
Mean Comparism of Heavy Metals among the three Polluted Sites:
ANOVA results on the effect of heavy metals in the three locations revealed that Bomadi had significantly (p<0.05) highest amount of Iron concentration (125.68mg/kg) and Nickel (1.096mg/kg) while Burutu had significantly (p<0.05) highest amount of Manganese (9.538mg/kg) ( Table  6 ). Fauna resources in Bomadi and Burutu are most likely to be vulnerable to cancer of the respiratory system due to the concentration of Nickel (Doll et al., 1970) .
bioaccumulation of heavy metals in crab:
The ttest results showed that the concentration of Zn, Mn, Cd and Ni were not significantly (p>0.05) different between the oil spilled environment and the control. However the mean concentration of Zinc (Zn), Manganese (Mn), Cadmium (Cd) and Nickel (Ni) were numerically higher in the polluted environment than in the control. This shows that these heavy metals have been component of the soil as well as crude oil.
The concentration of Pb and Fe significantly differed (p<0.05) between the oil spilled environment and the control. The mean concentration of Pb was above World Health Organization (WHO) safe recommended level (WHO, 2009) . They were at toxic levels in the study area and are serious health risk to fauna. Jennings et al. (1996) and Lance et al. (2000) reported that Lead causes permanent damage to the central nervous system, the brain and kidney. Extreme high levels of Lead are life threatening and causes seizure, unconsciousness and death (Anjalo, 2000) . The mean concentration of Fe was above the World Health Organization (WHO) safe recommended level which is 60mg (WHO/UNICEF/UNU, 1997). Though iron has been part of the soil components, the spilled oil introduced more iron into the environment.
Bioaccumulation of heavy metals in water snail
The T-test analysis showed no significant (p> 0.05) difference in concentration of Cd, Cr, and Pb between the oil spilled location and the control. This low level of Cd and Cr could be attributed to its toxicity and non essentiality to the fauna. This agrees with Kiffney and Clement (1993) that fauna has mechanism of either excreting Cd and Cr from their bodies or ensuring that the levels in their body tissues do not build up relative to the ambient concentration in the environment.
The concentration of Zn and Cu in the oil spilled environment were not significantly (p > 0.05) higher than in the control.
Bioaccumulation of heavy metals in perewinkles:
The t-test analysis showed that the concentration of Cu in the oil spilled sites was significantly (p<0.05) higher in the polluted sites than the control. The high concentration of Cu in the tissue of Periwinkle could be attributed to oil spillage since they are component of crude oil. It also shows that the species can sensitively detect the presence of copper at different levels in the environment. Although Cu is an essential element for fauna it could have adverse effect at high concentration. For instance high concentration of Cu can cause anemia, liver and kidney damage, stomach and intestinal irritation in fauna (Lance et al., 2000) . The mean concentration was above 0.01mg/kg, World Health Organization (WHO) safe recommended level.
BIOACCUMULATION OF METALS IN OYSTER
The t-test analysis showed that the concentrations of Zn and Pb in the oil spilled sites and the control were not significantly (p>0.05) different, which implies that either Oyster could not dictate the presence of Zn and Pb in the polluted sites (by avoiding it) or that it has mechanisms of excreting them from their systems. The t-test analysis showed that the concentration of Fe was significant (p< 0.05) between oil spilled environment and the control. Oyster has high affinity for Iron.
Studies (Udoessien,1997; Akpan et. al. 2005; Madu et. al., 2011) on Nigerian crude oils from eight oil wells showed that Fe was the most abunt metal.
The low level of bioaccumulation of Cd and Cr corroborates the work of Kiffney and Clement (1993) .
RELATIONSHIPS AMONG HEAVY METALS
The result of the correlation coefficient analysis showed that Cr had low negative correlation with Fe (r=-0.040) and medium negative correlation with Cd (r = -0.334) at (0.05) level of significance. Pb had low positive correlation with Fe (r = 0.010) and Cadmuim (r=0.358) at 0.05 level of significance. Zn had low Negative correlation with Fe (r = -0.157), while it has low negative correlation with Ni (r = -0.035).
Mn had low positive correlation with Lead(r=0.339) at 0.05 level of significance. The positive correlation implies that the elements were accumulated simultaneously. This shows that as one element decreases, the other decrease and vice-versa. The Negative correlation suggests that these elements may have been acquired or taken up differently (Fletcher et al., 2006) . That is, as one element increases, the other decreases and vice-versa (Table  11 ).The heavy metals' concentration in both polluted sites and control environment share similar order of accumulation. This could be attributed to differences in affinities for each heavy element by the indicator species.
CONCLUSION AND RECOMMENDATION
Bioaccumulation of heavy metals in the body tissues of these selected wildlife fauna depend largely on the type of heavy metal, and its concentration in the environment. The high concentration of Fe, Mn, Zn, and Cu may be due to oil production which introduces these metals into the water body and eventually sediments from where the fauna feed. The four fauna species (Crab, water Snail, Periwinkle and Oyster) accumulated all heavy metals but the concentration of heavy metals in Oyster and Periwinkle were generally higher than Crab and water Snail. The concentration of essential heavy metals such as Iron (Fe) and Copper (Cu) were found to be at toxic levels in the body tissues of some of these selected non vertebrate species. These concentrations could be life threatening to the faunas. The detection of level of environmental pollution depends on the operation and working of the body mechanism of the indicator species utilized. Some species are more sensitive than others in accumulating heavy metals. Water Snail could not detect any of the Heavy metals at significant level. This could be attributed to the fact that it is always found at the banks of the river and little drainages and gutters as in Burutu and Patani. Oyster is found in mangrove species inside the water and could detect significant accumulation of Iron (Fe). Periwinkle could accumulate and detect heavy metals because the species resides permanently in bottom sediment. The concentration of pollutants per time depends on whether the body excretes or retains them. Crab is also found inside the water and could detect pollutants when the environment is polluted. It is only water snail that could not detect significant level of any pollutant in the polluted areas.
The best bio indicator among these species is Crab followed by Periwinkle and Oyster. The facts that Crab is more mobile than Periwinkle and Oyster and can feed from different materials within their home range makes it more sensitive than the other three species in detecting pollutants in its environment. Consumers of these non vertebrate wildlife species from polluted sites of Niger Delta are prone to suffer toxicities caused by high concentration of iron in their body.
RECOMMENDATIONS
Oil Pollution Act of 1990 (OPA 1990 ) created a comprehensive scheme to ensure that sufficient financial resources are available to clean up a spill and to compensate persons damaged by a spill. It also made provision that the federal response system should be adequately prepared to manage the impacts of oil spills that do occur; and mandates that industries implement prevention and preparedness measures. The federal ministry of Environment should ensure that all the provision of OPA 1990 are strictly followed.
The Environmental Impact Assessment (EIA) decree No 86 of 1992 makes the development of an EIA compulsory for any major project that may have adverse effects on the environment. It sought to assess the likely or potential environmental impacts of proposed activities, including their direct or indirect, cumulative, short term and long term effects, and to identify the measures available to mitigate adverse environmental impacts of proposed activities, and assessment of those measures. This decree should be effectively implemented instead of E.I.As being carried out just to satisfy industrial requirement.
The petroleum industry should work closely with government agencies, universities and research centers to combat the effect of oil spill incidents.
Oil spill simulation model should be used in oil response and contingency planning and as a tool in oil field and impact assessment. In the event of an oil spill taking place, predictions of the slick can be supplied, provided that the necessary meteorological information is available. Oil spillage can also be treated or removed through the process of evaporation, photochemical oxidation and dispersions. Bioremediation can also be used for managing oil spill problems.
